**Specifications Table**TableSubject areaChemical Engineering, Carbon MaterialsMore specific subject areaBiomass utilization; PyrolysisType of dataTable and FigureHow data was acquiredPressurized entrained-flow pyrolysis, SEM-image analysis, Elemental Analysis, Raman spectroscopy, FTIR spectroscopyData formatRaw original data was collected and analyzedExperimental factorsPyrolysis experimental factors including pressure and temperatureExperimental featuresTriplicate experiment. Prior to each trial, collected data was averaged and calculated to ensure repeatabilityData source locationLiaoning province, ChinaData accessibilityAll data are included in this documentRelated research articleMaliutina, K., Tahmasebi, A., Yu, J., Saltykov, S.N. 2017. Comparative study on flash pyrolysis characteristics of microalgal and lignocellulosic biomass in entrained-flow reactor. *Energy Conversion and Management*, 151, 426--438. [@bib1]

**Value of the Data**•Data compares the results obtained under atmospheric and pressurized fast entrained-flow conditions.•Data illustrated innovative information on changes in carbon structure and surface morphology of bio-chars.•Data provided valuable information on changes in chemical structure of bio-chars as a function of pyrolysis conditions.•The dataset is valuable for the development of efficient and innovative technologies for the production of biomass-based carbon materials.

1. Data {#s0005}
=======

The properties of raw microalgae biomass are presented in [Table 1](#t0005){ref-type="table"}. [Fig. 1](#f0005){ref-type="fig"} illustrates the schematic diagram of pressurized entrained-flow pyrolysis experimental setup. [Fig. 2](#f0010){ref-type="fig"} and [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"} shows the scanning electron microscopy (SEM) images of microalgae and its bio-chars prepared under different temperatures and pressures at various magnifications, respectively. Swelling ratios of microalgae bio-chars under pressurized pyrolysis was measured from the SEM analysis data and are shown in [Fig. 7](#f0035){ref-type="fig"}. [Fig. 8](#f0040){ref-type="fig"} shows the Raman spectra of microalgae and its bio-char samples prepared under different experimental conditions, while [Fig. 9](#f0045){ref-type="fig"} shows the typical curve-fitted Raman spectra corresponding to D1, D2, D3, D4 and G1 bands, respectively. The FTIR curve-fitting analysis results of bio-chars are presented in [Table 2](#t0010){ref-type="table"}.Fig. 1Schematic diagram of the pressurized entrained-flow pyrolysis experimental setup.Fig. 1Fig. 2Scanning electron microscopy (SEM) images of raw Microalgae, where a and b shows different magnifications of the same sample.Fig. 2Fig. 3Scanning electron microscopy (SEM) images of bio-chars prepared at 600 °C and pressures of: (a, b) 0.1 MPa; (c, d) 1.0 MPa; (e, f) 2.0 MPa, (g, h) 4.0 MPa where a and b; c and d; e and f show different magnifications of the same sample.Fig. 3Fig. 4Scanning electron microscopy (SEM) images of bio-chars prepared at 700 °C and pressures of: (a, b) 0.1 MPa; (c, d) 1.0 MPa; (e, f) 2.0 MPa, (g, h) 4.0 MPa where a and b; c and d; e and f show different magnifications of the same sample.Fig. 4Fig. 5Scanning electron microscopy (SEM) images of bio-chars prepared at 800 °C and pressures of: (a, b) 0.1 MPa; (c, d) 1.0 MPa; (e, f) 2.0 MPa, (g, h) 4.0 MPa where a and b; c and d; e and f show different magnifications of the same sample.Fig. 5Fig. 6Scanning electron microscopy (SEM) images of bio-chars prepared at 900 °C and pressures of: (a, b) 0.1 MPa; (c, d) 1.0 MPa; (e, f) 2.0 MPa, (g, h) 4.0 MPa where a and b; c and d; e and f show different magnifications of the same sample.Fig. 6Fig. 7Swelling ratios of microalgae bio-chars as a functional of pyrolysis pressure.Fig. 7Fig. 8Raman spectra of microalgae bio-char samples: (a) 600 °C; (b) 700 °C; (c) 800 °C; and (d) 900 °C.Fig. 8Fig. 9A typical curve-fitted Raman spectrum of bio-char.Fig. 9Table 1Characteristics of raw microalgae Chlorella vulgaris sample.Table 1SampleElemental composition, (wt% daf)Proteins, wt%Carbohydrates, wt%Lipids, wt%M, (wt%, ar):,VM, (wt%, db)A, (wt%, db)FC, (wt%, db)CNHSOMicroalgae *Chlorella vulgaris*43.857.866.070.7141.6156.4417.312.410.2180.415.5414.05Table 2FTIR spectra curve-fitting analysis for raw microalgae and its chars prepared under different experimental conditions (area%).Table 2SamplePrimary and secondary amines/amidesO-HC-H alifC=OC-C aromC-N aromC-OC-N-C chainN-Q-N3430--3385 and 1690--16303500--33002980--28401712--16741639--15631388--12881275--11501243--12011121--1106Raw Microalgae31.3651.2210.4550.8337.284.626.727.52--Char 600 °C, 0.1 MPa30.7334.3512.1142.1734.321.2518.171.587.32Char 600 °C, 1 MPa28.2110.8611.8731.5433.502.0414.343.219.39Char 600 °C, 4 MPa16.2912.943.3415.119.487.2816.661.896.88Char 700 °C, 0.1 MPa29.939.796.2917.8115.722.7110.691.593.80Char 700 °C, 1 MPa17.797.830.665.008.246.6115.937.9614.43Char 700 °C, 4 MPa1.023.290.769.388.624.405.892.5218.36Char 800 °C, 0.1 MPa2.446.412.1920.1317.636.107.26--6.40Char 800 °C, 1 MPa2.283.140.731.9710.83.92----11.08Char 800 ° C, 4 MPa--1.96--1.479.696.89----12.66Char 900 °C, 0.1 MPa--5.731.951.255.9713.18----13.16Char 900 °C, 1 MPa--4.760.306.551.9210.87----16.51Char 900 °C, 4 MPa--2.810.653.942.277.84----22.67

2. Experimental design, materials and methods {#s0010}
=============================================

2.1. Sample preparation {#s0015}
-----------------------

Fresh water Microalgae *Chlorella vulgaris* was purchased from Spirulina Bio-Engineering Co. Ltd., China. The average particle size of microalgal sample was around 45 μm. Samples were prepared by drying in the oven at 105 °C for 24 h. Then, biomass samples were stored in a desiccator to avoid the moisture reabsorption prior to the further proximate and ultimate analyses. Characterization of microalgae was performed following ASTM standards of D3173 for the moisture, D3174 for the ash, and D3175 for the volatile matter, and the fixed carbon content was calculated by difference. Collected data of sample characterization are presented in [Table 1](#t0005){ref-type="table"}, where: M, VM, A, and FC refer to moisture, volatile matter, ash, and fixed carbon, respectively. The methods followed for calculating the protein, lipids, and carbohydrate contents in microalgae can be found elsewhere [@bib1].

2.2. Pressurized entrained-flow pyrolysis experiments {#s0020}
-----------------------------------------------------

Pressurized pyrolysis experiments were carried out at temperatures of 600, 700, 800, and 900 °C and pressures of 0.1, 1.0, 2.0 and 4.0 MPa. [Fig. 1](#f0005){ref-type="fig"} illustrates the schematic diagram of the experimental rig.

The tubular entrained-flow reactor with an inner diameter of 20 mm and the total length of the heating zone of 1500 mm was heated in an electric furnace with five separate controlled heating zones. A pressure regulator controlled the pressure of the system by back pressure valve. The sample-feeding rate was set at 0.5 g/min. High purity nitrogen (99.999%) with a flow rate of 5 L/min was used as the carrier gas. Prior to each trial, the carrier gas was preheated to 350 °C. The average residence time of pyrolytic vapors inside reaction zone was around 6 s. For each experimental run, approximately 30 g of dried microalgae was loaded to the feeder. The duration of each pyrolysis run was 30 min, after which the system was depressurized and the reactor was cooled to room temperature. After the experimental rig was depressurized and cooled, the bio-chars were removed from the char collector at the bottom of the reactor.

2.3. Methods {#s0025}
------------

### 2.3.1. SEM characterization {#s0030}

The surface morphology of microalgae and its bio-chars prepared under different pyrolysis conditions was obtained using scanning electron microscopy analysis (SEM, ZEISS Sigma HD). [Fig. 2](#f0010){ref-type="fig"} shows the SEM images of raw microalgae sample, while [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"} show SEM images of bio-chars prepared under different experimental conditions of temperature (600,700,800 and 900 °C) and pressure (0.1, 1.0, 2.0, and 4.0).

It can be seen in [Fig. 2](#f0010){ref-type="fig"} that raw microalgae had irregular nonporous morphology with cavities on the surface, while bio-chars particles underwent swelling and softening during pyrolysis, leading to higher sphericity and hollow structure. Based on the SEM analysis results it can be seen that compared with the chars prepared at atmospheric pressures, the sphericity and surface smoothness of the bio-char particles increased with increasing of pyrolysis temperature and pressure. Promotion of bubble formation was evident under the surface of microalgae bio-chars at high pressures. Devolatilization process of microalgae under pressure led to the formation of larger char particles and bobble growth with hollow structure indicating softening of bio-chars at elevated pressures.

[Fig. 7](#f0035){ref-type="fig"} shows the swelling ratios of bio-char particles under atmospheric and pressurized pyrolysis conditions. The swelling ratios were calculated by dividing the average particle size of bio-chars to that of raw microalgae (d/d~0~). Data showed the highest swelling ratio of bio-chars at 2 MPa.

### 2.3.2. Changes in carbon order of bio-chars {#s0035}

A Horiba Jobin Yvon Xplora plus Raman spectrometer was used for obtaining data for analyzing the carbon structure of bio-chars prepared under atmospheric and pressurized conditions. The spectrometer was equipped with a 50× lens that focused the 532 nm Ar laser beam. Three random bio-char particles were selected for analysis prior to each sample in the range of 500--2500 cm^−1^. For a better understanding of the changes in the microcrystalline structure of chars, a commercially available data processing program (Origin Plus) was applied for curve-fitting analysis of Raman spectra.

[Fig. 8](#f0040){ref-type="fig"} shows changes in G and D bands in the Raman spectra of bio-char samples with pyrolysis pressure and temperature. It was observed that the G band of Raman spectra increased with increasing of pyrolysis pressure from atmospheric to 4 MPa monotonically. This was accompanied by a decrease in the D band corresponding to the defects in carbon structure of bio-char.

For further understanding of changes in the microcrystalline structure of bio-chars, the Raman spectra were curve-fitted to a series of five bands Peak assignments were selected according to the literature [@bib1]. The band at 1586 cm^−1^ (G band) was assigned to the E~2g~ symmetry in graphite layers [@bib2]. The D1 band at 1362 cm^−1^ was interpreted as aromatic clusters having more than 6 rings [@bib3]. The D2, D3, and D4 bands at around 1683, 1501, and 1174 cm^−1^ were assigned as disordered surface graphene layers, functional groups and small aromatic clusters, and aromatic ethers, respectively [@bib3], [@bib4]. The higher full width at half maximum (FWHM) of the defect bands (D2, D3, and D4) in Raman spectra suggested that the carbon structure of bio-chars was highly amorphous in nature. A typical curve-fitted Raman spectrum of bio-char is illustrated in [Fig. 9](#f0045){ref-type="fig"}.

### 2.3.3. Changes in the chemical structure of bio-chars {#s0040}

FTIR analysis was carried out for investigating the changes in surface functionalities in raw MA and its chars prepared under different experimental conditions. The regions where major changes occurred were 3500--3300 cm^−1^ (OH), 2898--2840 cm^−1^ (C−H~alif~), 1712--1674 cm^−1^ (C=O), 1639--1563 cm^−1^ (C-C~arom~), and 1275−1150 cm^−1^ (C−O). The nitrogen-containing functionalities corresponded to 3430--3385 cm^−1^ and 1690--1630 cm^−1^ (primary and secondary amines/amides, respectively), 1388--1288 cm^−1^ (C-N~arom~ bond in pyridinic and pyrrolic rings), 1243--1201 cm^−1^ (C-N-C bond in chain structure), and 1121--1106 cm^−1^ (quaternary bond N-Q-N) according to the literature [@bib5], [@bib6], [@bib7]. The results of FTIR curve-fitting analysis for the raw MA and its chars are summarized in [Table 2](#t0010){ref-type="table"}. The curve-fitting analysis of FTIR spectra was performed for the two regions of 2750--3500 cm^−1^ and 980--1720 cm^−1^ with 10 peak positions. The results of the curve-fitting analysis for 3430--3385 cm^−1^ and 1690--1630 cm^−1^ regions (primary and secondary amines/amides, respectively) were summarized and presented together.

It can be seen in [Table 2](#t0010){ref-type="table"}, that the concentration of major functional groups decreased at elevated pyrolysis pressures due to devolatilization during pyrolysis to form light gases. The decrease in the intensity of OH groups indicated the decomposition of phenolic and alcoholic functional groups, while the decrease in concentration of aliphatic C−H groups in 2898--2840 cm^−1^ region indicated that methyl groups were released from aromatic rings [@bib8]. The intensity of C−O band in methoxy groups decreased with pyrolysis temperature, resulting in the release of CO~2~ [@bib9]. The intensity of the band in 1639--1563 cm^−1^ region, corresponding to aromatic nature of char decreased at higher pyrolysis temperature, indicating a decrease in aromatic substitution and decomposition of heteroatom functionalities to form oxygen and nitrogen-containing gases [@bib9], [@bib10]. Peaks corresponding to amine/amide functional groups were disappeared at higher temperatures and pressures, while pyridinic, pyrrolic (C-N~arom~) and quaternary (N-Q-N) structures were retained in bio-chars.
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